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The  proximate  composition  of  meat  is  a  matter  of  interest  to  every 
one  who  is  concerned  with  the  nutritive  value  and  relative  econom.y 
of  the  various  cuts.  More  particularly  it  is  of  interest  to  doctors, 
hospital  dietitians,  and  others  who  are  responsible  for  the  treatment 
of  special  diet  cases,  and  to  persons  engaged  in  research  in  foods  and 
nutrition  or  in  animal  production.  Food  composition  tables  avail- 
able in  the  past  have  been  unsatisfactory  for  the  specialist  or  the 
mvestigator  who  wants  a  close  estimate  of  the  composition  of  a  given 
cut  of  meat  without  chemical  anah'sis. 

The  present  study  was  undertaken  for  the  purpose  of  revising  the 
meat  section  of  the  bulletin  of  Atwater  and  Bryant  (i)/  and  has 
been  carried  on  in  close  cooperation  with  specialists  from  the  Bureau 
of  Animal  Industry  and  the  Bureau  of  Agricultural  Economics. 

The  bulletin  of  Atwater  and  Bryant  has  provided  the  basis  for 
most  dietary  calculations  in  this  country.  The  tables  were  made  by 
averaging,  in  groups,  all  of  the  analyses  available  in  1899  when  the 
bulletin  was  last  revised.  With  the  data  now  available,  and  with 
an  improved  m^ethod  of  handling  them  it  has  been  possible  to  derive 
figures  that  correspond  with  the  commercial  grades  and  permit  of 
much  greater  accuracy  in  estimating  the  composition  of  particular 
cuts  of  beef. 

Beef  is  extremely  variable  in  its  composition.  The  lean  meat  from 
the  romid  of  a  thin  carcass  may  have  only  2  per  cent  fat.  as  ether 
extract,  whereas  the  visible  fat  from  the  loin  of  a  fat  carcass  may 
have  as  much  as  89  per  cent.  The  wholesale  rib  on  tlie  butcher's 
block  may  have  any^'here  from  7  to  60  per  cent  of  fat  in  its  entire 
edible  portion,  or  in  other  words  may  vary  from  650  to  2,590  in  the 
calories  it  will  yield  per  poimd  of  edible  meat.     These  facts  suggest 

1  Reference  is  made  by  number  (italic)  to  "Literature  cited,"  p.  18. 
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the  difficulty  of  making  a  simple,  satisfactory  classification  for  tlie 
different  cuts  of  beef  and  of  giving  adequate  figures  on  the  composi- 
tion of  each  class. 


SELECTION    AND    CLASSIFICATION    OF   DATA 

An  attempt  has  been  made  to  collect  all  of  the  data  in  this  country^ 
both  published  and  unpublished,  on  the  physical  and  chemical  com- 
position of  beef,  and  to  select  from  these  everything  that  is  reported 
on  a  basis  suitable  for  use  in  this  study.  Unfortunately  a  large 
number  of  these  data  had  to  be  discarded  because  the  inedible  portions 
had  been  included  with  the  edible  in  the  samples  analyzed.  For  the 
cuts  of  beef  no  data  were  used  except  from  those  which  conform  approx- 
imately to  the  current  standard  practice  of  cutting  (^).  All  beef  that 
would  have  been  graded  below  ''common"  and,  excepting  the  carcass 
from  one  animal,  any  beef  that  was  slaughtered  under  11  months  of 
age  was  ruled  out.  This  one  animal  was  over  8  months  old.  Too 
few  analyses  of  animals  younger  than  11  months  could  be  found  to 
permit  of  deriving  reliable  figures  for  the  composition  of  such  beef. 

The  principal  sources  of  published  data  are  bulletins  and  reports 
from  the  Missouri,  Illinois,  and  Maine  Agricultural  Experiment 
vStations  U,  6,  7,  9,  10,  11,  12,  16,  17).  Unpublished  data  have  been 
contributed  by  the  Office  of  the  Surgeon  General,  United  States 
Army,  from  work  done  under  R.  D.  Milner.  The  compilation 
includes  also  figures  from  a  few  of  the  analyses  made  under  Atwater's 
direction,  and  included  in  the  bulletin  under  revision.  From  these 
sources  there  were  54  analyses  of  sides,  or  carcasses,  given  on  a  basis 
that  could  be  used.  Four  classes  by  fat  content  and  class  limits  for 
sides  were  chosen  to  correspond  as  closely  as  possible  to  the  commer- 
cial grades  as  shown  in  Table  1 . 


Table 

1. 

— Classification  of  beef  sides  by  fatness 

Class 

Commercial  grades 

Fat  (as  ether 

extract)  in 

the  edible 

portion 

Per  cent 
8  to  18 

Medium                        .  - - 

18  to  25 

Fat                                              -  - 

Good.   

25  to  35 

35  or  over 

These  limits  of  fat  content  were  selected  after  careful  consideration 
of  the  data  and  consultation  with  specialists  in  this  department  who 
are  experienced  in  grading  meat.  The  ''edible  portion,''  consisting 
of  the  lean  meat  and  the  visible  fat,  was  used  as  the  basis  for  all 
classification  and  calculation  except  in  the  case  of  percentage  of  bone. 

The  analyses  for  wholesale  cuts  from  these  sides  and  from  a  few  others 
were  used  if  the  evidence  seemed  to  indicate  that  they  had  been  cut 
according  to  the  basis  adopted.  Such  evidence  consisted  of  cutting 
diagrams,  descriptions  of  the  way  the  carcass  was  divided,  figures  for 
the  weight  of  the  cuts  in  terms  of  percentage  of  the  carcass,  or  a  combi- 
nation of  these  data.  With  the  exception  of  two  cases,  in  v/hich  only  one 
composite  sample  of  edible  fat  from  each  side  was  analyzed,  no  anayl- 
ses  were  included  unless  the  entire  wholesale  cut  had  been  sampled. 
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CALCULATION   OF  TYPICAL  FIGURES  FOR  PERCENTAGE   OF  FAT 

The  figures  for  sides  were  examined  after  they  had  been  classified  to 
decide  whether  the  54  carcasses  could  be  regarded  as  being  fairly 
t^-pical  of  all  beef  in  the  way  that  they  were  distributed  with  respect 
to  fat  content.  As  an  estimate  of  the  way  the  general  run  of  domestic 
beef  falls  into  commercial  grades,  the  figures  of  Davis  and  Wlialin  iS) 
have  been  used.     According  to  these  authors  the  distribution  by 
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Fig.  1 


-Frequency  distribution  of  beef  carcasses  by  fat  content  of  the  edible  portion  estimated 
from  distribution  by  commercial  grades 
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Fig.  2. — Distribution  by  fat  content  of  all  beef  [estimated]  as  compared  with  the  distribution 
of  the  .54  carcasses  analyzed.  This  group  of  54  excludes  carcasses  having  less  than  8  per  cent  fat 
in  the  edible  portion  and  is  considered  to  represent  96.5  per  cent  of  all  beef  carcasses.  The 
derived  mean  for  each  class  is  indicated.  The  bias  of  the  small  number  is  particularly  appar- 
ent in  the  very  fat  class 

grades  of  steers  including  Corn  Belt  and  range  types  received  at  the 
Chicago  market  over  a  period  of  one  year  was  as  follows:  Cutter  and 
canner.  3.5  per  cent;  common,  17;  medium,  53;  good,  22;  and  choice 
and  prime,  4.5.  Assuming  that  these  percentages  apply  approxi- 
mately to  the  corresponding  classes  under  consideration,  a  histogram 
of  the  frequency  distribution  by  fat  content  was  made  (fig.  1) .  From 
this  a  distribution  curve  that  is  a  modification  of  a  normal  curve  was 
assumed.  It  was  drawn  in  such  a  way  that  the  area  under  the  curve 
was  the  same  in  each  of  the  classes  as  the  corresponding  area  in  the 
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histogram.     This  curve  is  a  rough  estuTiate  of  the  actual  frequency 
distribution  by  fatness  of  beef  carcasses  in  general.     Obviously  it  is 

a  closer  estimate,  however,  of  what  is 
typical  in  a  given  class  than  any  that 
could  be  obtained  from  the  data  on 
the  54  carcasses  anatyzed.  The  data 
used  in  deriving  the  curve  were  taken 
from  a  very  large  number  of  animals 
selected  to  represent  market  beef, 
whereas  the  54  carcasses  were  selected 
in  such  a  way  as  to  give  a  distinct  bias 
in  the  matter  of  distribution.  In 
Figure  2,  the  distribution  of  the  54 
carcasses  is  shown  in  a  histogram  to 
compare  with,  the  assumed  distribu- 
tion curve.  It  is  apparent  that  the 
distribution  of  the  smaller  number 
could  not  be  typical  of  beef  in  general. 
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Fig.  3.— Relation  of  fat  content  (ether  extract) 
of  the  edible  portion  (composite  lean  and  fats 
of  the  whole  loin  to  that  of  the  side.  Dot) 
represent  averages  of  three  analyses 


An  estimate  of  the  average  fat- 
ness of  each  class  of  beef  was  made 
by  dividing  perpendicularly  the  area 
representing  each  class  under  the 
distribution  curve  so  that  half  of  the 
area  in  that  class  lay  on  either  side 
of  the  dividing  line  (fig.  2) .  This  was 
done  from  the  assumed  distribution 
curve  in  an  attemxpt  to  approach  a 
median  or  average  point  in  percent- 
age of  fat  in  a  very  large  number  of 
carcasses  or  in  all  beef  of  its  class, 
rather  than  in  the  smaU  number  of 
that  class  which  happened  to  have 
been  chosen  for  chemical  analysis. 
This  division  was  made  to  the  near- 
est percentage  of  fat,  and  the  result- 
ing figure  was  used  as  the  average 
representing  its  class.  These  derived 
figures  for  average  percentage  of  fat 
as  ether  extract  in  the  edible  por- 
tion of  the  sides  compared  with  the  straight  averages  of  the  small 
number  as  shown  in  Table  2. 

Table  2.- — Average  fat  {ether  extract)  content  of  beef  sides  by  classes 
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FiG.  4.— Relation  of  the  fat  content  (ether  extract) 
of  the  visible  fat  (A)  and  of  the  lean  meat  (C) 
of  the  whole  loin  to  the  fat  content  of  the  side. 
The  curve  for  composite  lean  and  fat  (Bj  is 
identical  with  the  cm-ve  in  Figure  3  and  is  in- 
cluded here  for  comparison.  Dots  represent 
averages  of  three  analyses 


Class 

Straight 
averages 
of  sides 
analyzed 
chemically 

Derived 
averages 

Thin 

Fcr  cent 
14.0 
21.4 
29.1 
46.6 

Per  cent 
14 

Medium 

22 

Fat  .              _                 

23 

Very  fat                                             .      .  .         

39 
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The  average  fatness  and  the  class  limits  w6re  determined  for  the 
wholesale  cuts  from  curves  which  relate  fatness  of  side  to  that  of 
cut.  The  curve  for  loin  is  illustrated  in  Figure  3.  In  the  work 
reported  by  the  Missouri  and  Illinois  stations  the  lean  meat  and  the 
visible  fat  were  separated  by 
dissection,  and  in  the  case  of 
some  cuts,  particularly  loin,  rib, 
and  round,  numerous  analyses 
of  these  portions  were  available. 
The  technique  of  this  separation 
is  described  in  the  bulletins  of 
those  stations.  Separate  curves 
were  drawn,  therefore,  for  the 
lean  and  the  visible  fat  of  certain 
cuts  (^^.  4).  This  procedure 
established  for  each  cut  the 
average  percentage  of  fat  in  each 
class  on  the  basis  of  the  com- 
posite of  the  edible  portion,  and 
for  several  on  that  of  the  lean 
meat  and  the  visible  fat  sepa- 
rately. The  percentages  of  fat 
in  the  cut  were  read  directly 
from  the  derived  averages  of 
percentage  of  fat  in  the  sides. 
The  figures  obtained  by  this  method  for  the  composite  lean  and  fat 
of  the  edible  portion  of  the  loin  as  compared  with  the  ones  for  sides 
are  given  in  Table  3. 

Table  3. — Fat  content  of  the  edible  portion  of  beef  sides  and  of  loin,  by  classes 
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Fig.  5. — Relation  of  content  of  visible  fat  to  that  of 
fat  (ether  extract)  in  the  edible  poriton  of  the  whole 
loin.  The  range  of  variation  is  narrow  and  there- 
fore the  error  of  estimation  is  small.  Dots  represent 
averages  of  three  analyses 


Class 

Fat  (ether  extract) 
in  sides 

Fat  (ether  extract) 
in  loin 

Visible 
fat  in 

Averages 

Class  limits 

Averages 

Class  limits 

loin 

Thin 

Per  cent 
14 
22 
28 
39 

Per  cent 
8  to  18 
18  to  25 
25  to  35 

35  or  over 

Per  cent 
16 
25 
31 
43 

Per  cent 

10  to  21 

21  to  28 

28  to  39 

39  or  over 

Per  cent 
15 

24 

Fat 

29 

Very  fat 

41 

The  relation  between  the  percentage  of  fat  (ether  extract)  and  of 
visible  fat  was  determined  graphically  for  the  edible  portion  of  the 
sides  and  of  each  wholesale  cut.  For  any  given  wholesale  cut  the 
relationship  is  close,  but  the  cuts  are  not  alike  in  this.  In  the  loin 
50  per  cent  of  visible  fat  corresponds  to  53  per  cent  of  ether  extract, 
but  in  the  flank  the  same  percentage  of  visiole  fat  corresponds  to  41 
per  cent,  and  in  the  rib  to  56  per  cent  of  ether  extract.  This  dis- 
parity necessitated  the  use  of  separate  estimating  curves.  The  curve 
lor  loin  is  shown  in  Figure  5.  It  is  apparent  that  estimates  based 
on  these  curves  are  fairly  reliable  for  wholesale  cuts  because  of  the  close 
agreement  between  the  observations.  The  use  of  these  estimates  is 
discussed  later  in  connection  with  the  interpretation  of  Table  7. 
The  figures  for  the  visible  fat  in  the  loin  for  the  four  classes  of  beef 
are  shown  in  the  last  column  of  Table  3.  These  estimates  relate  to 
the  fat  content  only.  The  protein,  ash,  and  water  content  were 
estimated  by  another  set  of  curves. 
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ESTIMATION  OF  PROTEIN,  ASH,  AND  WATER 

The  next  step  was  a  correlation  between  the  fat  and  the  crnde 
protein  (Nx6.25)  and  another  between  the  fat  and  the  ash.  The 
water,  being  for  the  present  purpose  relatively  unimportant  except 
in  the  original  analysis  as  a  check  on  the  other  constituents,  was 
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Fig.  6.— Relation  of  content  of  protein  and  ash  to  that  of  fat  (ether  extract)  in  the  edible 
portion  of  the  sides.     Dots  represent  averages  of  three  analyses 

taken  by  difference  (100  per  cent  minus  percentage  of  protein,  fat, 
and  ash). 

Rubner  {IS)  and  Moulton  (<§)  have  called  attention  to  the  fact 
that  on  the  '^ fat-free"  basis  the  tissues  of  mature  animals  of  various 
species  have   a  relatively   constant   composition   regardless   of.  the 
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FiG.  7.— Relation  of  content  of  protein  and  ash  to  that  of  fat  (ether  extract)  in  the  edible  portion  of  the 
whole  loin.    Dots  represent  averages  of  three  analyses 

degree  of  fatness  or  the  age  of  the  animal.  Their  work  was  based 
on  analyses  of  the  whole  animal  including  the  bone  and  other  inedible 
portions  and  not  on  separate  tissues.  The  present  study  has  shown 
further  that  when  allowance  is  made  for  the  content  of  fat,  the 
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difference  in  composition  between  the  various  wholesale  cuts  as  based 
on  the  edible  portion  is  measurable  but  not  very  wide. 

If  it  could  be  assumed  that  the  variation  in  composition  on  a 
^'fat-free*'  basis  is  negligible,  a  single  straight  line  curve  relating 
protein  to  fat  and  another  relating 
ash  to  fat  could  be  used  to  esti- 
mate these  constituents  in  all  of 
the  cuts.  It  was  found,  how- 
ever, that  there  is  a  small  but 
appreciable  variation  in  the  com- 
position of  beef  of  various  degrees 
of  fatness,  even  on  a  "fat-free" 
basis,  as  well  as  a  variation  be- 
tween the  various  cuts.  For  this 
reason  separate  estimating  curves 
were  used  for  the  sides  and  for 
each  of  the  wholesale  cuts. 

Several  of  these  estimating 
curves  are  given  in  Figures  6,  7, 
8,  and  9.  Protein  and  ash  are 
plotted  against  fat.  For  protein, 
either  analytical  or  free-hand  curves  were  used  where  the  relation  was 
definitely  curvilinear.  Some  of  these  curves  were  drawn  from  the 
plotted  points  by  inspection.  Where  straight  lines  were  used,  they 
were  derived  in  a  few  cases  from  regression  equations. 
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FiG.  8. — Relation  of  content  of  protein  and  ash  to  that 
of  fat  (ether  extract)  in  the  edible  portion  of  the 
round.      Dots  represent  averages  of  three  analyses 
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Fig.  9. — Relation  of  content  of  protein  and  ash  to  that  of  fat  (ether  extract)  in  the  edible 
portion  of  the  flank.  Analyses  of  flanks  from  which  the  cod  fat  had  been  removed  are 
included  with  others  of  the  entire  wholesale  cut  of  flank.  Dots  represent  averages  of 
three  analyses 


Gross  linear  correlations  (Pearsonian)  were  calculated  between 
the  protein  and  fat,  and  the  ash  and  fat  for  the  edible  portion,  lean 
and  fat,  of  the  entire  side:  the  lean  meat  from  certain  cuts,  principally 
loin,  rib,  and  round:  and  the  visible  fat  from  the  same  cuts.  The 
coefficients  of  correlation  and  the  standard  errors  of  estimate  are 
given  in  Table  4. 
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Table  4.-  —Coefficients  of  correlation  between  protein  and  fat  and  between  ash  and 
fat  and  standard  errors  of  estimate 


Protein  to  fat 

Ash  to  fat 

Coefl5cient 

Standard 
error  i 

Coefficient 

Standard 
error  i 

Sides                                   

-0.96 
-0.74 
-0.92 

Per  cent 
0.64 
0.69 
1.06 

-0.84 
-0.77 
-0.85 

Per  cent 
0  08.3 

Lean  meat 

0  051 

Visible  fat    

0.058 

1  standard  errors  are  expressed  in  the  same  units  as  the  original  estimates— that  is,  in  percentage  of  edible 
portion. 

The  regression  lines  from  these  correlations  are  shown  in  Figures  6,10^ 
and  11.  It  appears  from  the  diagrams  that  the  relation  of  protein  to 
fat  is  curvilinear  in  the  cases  of  the  sides  and  the  '^lean  meat;"  in  the 
case  of  the  "visible  fat/'  on  the  other  hand,  the  straight  line  is  a  close  fit. 

Estimating  curves  for  protein  in  the  sides  and  for  some  of  the  cuts  were 
plotted  according  to  points  calculated  from  the  sums  of  decreasing  geo- 
metric series.    SpillmsLn  {14, 15) 


Fig.  10.— Relation  of  content  of  protein  and  ash  to  that  of 
fat  (ether  extract)  in  the  lean  meat  from  certain  cuts, 
principally  loin,  rib,  and  round.  Dots  represent 
averages  of  unequal  numbers  of  analyses.  The  total 
number  of  analyses  included  is  118 


—^^//,  ye^Gye£:S^/OA^  /./yV£- 


has  shown  that  the  incre- 
ments in  a  large  number  of 
growth  curves  take  the  form  of 
such  a  series,  and  this  suggested 
the  possibility  that  the  relation 
of  protein  to  fat  might  also  be 
estimated  by  a  curve  of  the 
formula 


jr        /o         /^        20        2^       SO 


in  which  Y  is  the  percentage  of 
protein,  a  and  5  are  constants^ 
E  is  the  constant  ratio  be- 
tween the  terms  of  the  geo- 
metric   series,    and    a;     is    a 

function  of  the  percentage  of  fat.     In  the  formula  used  for  protein  in 

_  ,  50  —  percentage  of  fat 

the  sides,  a  =10. 58,  5  =  2.92,  i?  =  0.815,  and  a;  = ^^q— ^ 

The  data  in  Table  5  show  the  calculated  percentage  of  protein  for 
each  designated  percentage  of  fat  in  the  sides  and  illustrate  the  fact 
that  the  increases  in  protein  correspond  to  the  terms  of  a  decreasing 
geometric  series. 

Table  5. — Estimation  of  protein  from  fat  content  in  sides 


Fat 

Protein 

Increase  in 
protein 

Per  cent 
50 
40 
30 
20 
10 

Per  cent 
10.58 
13.50 
15.  88 
17.82 
19.40 

Per  cent 

2.92 
2.38 
1.94 
1.58 
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The  ratio  of  each  increase  in  the  j)ercentage  of  protein  to  the  pre- 
ceding one  is  constant,  for  example,  in  this  table 

^     2.  92     2.  38     1.  94     ^'  ^■^^• 

Using  this  formula  for  protein  gave  an  index  of  correlation  of  0.97 
and  a  standard  error  of  estimate  of  0.55  per  cent  as  compared  with 
a  coefficient  of  0.96  and  a  standard  error  of  0.64  per  cent  for  linear 
correlation.  For  some  of  the  cuts  the  protein  curve  had  greater 
curvature  than  that  of  the  one  for  sides,  and  in  these  cases  the  ad- 
vantage of  the  curve  over  the  straight  line  was  even  greater. 


.7S    /S 


'^        jJ2? 


s<f      eo       es       70        7S      <9o        as 
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Fig.  11.— Relation  of  content  of  protein  and  ash  to  that  of  fat  (ether  extract)  in  the 
visible  fat  from  certain  cuts,  principally  loin,  rib,  and  round.  Dots  represent  aver- 
ages of  unequal  numbers  of  analyses.    The  total  number  of  analyses  included  is  118 

As  a  further  evidence  of  the  accuracy  of  estimation  by  this  formula, 
straight  averages  for  the  protein  content  of  each  of  the  four  classes 
of  sides  were  compared  with  the  protein  content  as  calculated  from 
the  curve,  for  the  designated  percentage  of  fat  (Table  6). 


Table  6. — Accuracy  of  estimation  of  -protein  from  fat 

Number  of  analyses 

Straight  averages 

Calculated 
protein 

Difference 

Fat 

Protein 

17 

Per  cent 
14.0 
21.4 
29.1 
46.6 

Per  cent 
18.9 
17.5 
16.0 
11.5 

Per  cent 
18.8 
17.6 
16.1 
11.7 

Per  cent 
-0.1 

16 

+0.1 

15 

+0.1 

6 

+0,2 

In  the  case  of  the  loin  and  the  round,  analytical  curves  of  the 
same  type  were  used  for  estimating  the  protein.  For  several  of  the 
other  cuts  curves  of  similar  form  were  drawn  by  inspection. 

Primarily  these  curves  were  drawn  as  a  step  in  the  development 
of  a  m.ethod  for  deriving  figures  on  the  composition  of  typical  cuts 
of  beef,  but  they  have  brought  out  the  following  points  of  interest 
99059°— 26 2 
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quite  apart  from  the  method.  The  regression  line  for  protein  in 
the  sides  (fig.  6)  does  not  fit  the  data  at  the  upper  end  of  the  curve; 
the  plotted  points  and  the  analytical  curve  lie  below  the  straight 
line.  This  means  that  there  is  less  protein  (N  X  6.25)  in  the  thinner 
carcasses  than  would  be  expected  on  the  assumption  that  the  '^fat- 
free"  portion  of  meat  is  constant  in  composition.  It  has  been  shown 
(8,  13)  that  the  proportion  of  nitrogen  on  a  ^^ fat-free"  basis  is  a 
function  of  the  age  in  immature  animals.  It  appears  from  these 
data  that  it  is  also  a  function  of  the  degree  of  fatness  in  mature 
beef  animals. 

The  curves  for  protein  in  the  loin,  round,  rib,  and  ^4ean  meat" 
are  of  the  same  general  shape  but  are  not  identical  with  the  one  for 
the  sides.  In  each  of  them  there  is  a  marked  curvature  and  the 
upper  end  indicates  a  relatively  lower  percentage  of  protein.  In 
the  cases  of  the  round  and  the  '^lean  meat"  the  protein  at  the  upper 
end  of  the  curve  is  distinctly  lower  than  would  have  been  estimated 
from  a  single  straight  line  corresponding  to  the  regression  line  for 
the  entire  side.  On  the  other  hand,  the  relation  of  protein  to  fat 
in  the  flank,  plate  and  brisket,  shin  and  shank,  and  ^^ visible  fat"  is 
apparently  a  linear  one,  and  in  these  cuts  the  protein  is,  if  anything, 
high  as  compared  with  the  protein  estimated  from  the  regression 
line  for  sides.  The  terms  ^4ean  meat"  and  "visible  fat"  used  in 
this  connection  refer  to  those  portions  of  certain  cuts,  principally 
loin,  rib,  and  round.  It  must  be  remembered  that  the  regression 
line  for  protein  in  the  sides  would  fit  all  cases  if  the  theory  of  constant 
composition  on  a  "fat-free"  basis  could  be  applied  with  accuracy 
to  separate  tissues  of  beef.  Variations  from  this  line,  then,  are 
significant;  they  suggest  a  modification  of  that  theory. 

The  fact  that  the  upper  end  of  the  curves  of  certain  cuts  indicate 
relatively  low  percentages  of  protein  when  due  allowance  has  been 
made  for  the  fat  content  means  that  for  these  parts  the  ratio  of  water 
to  crude  protein  must  be  higher.  The  protein  curves  for  the  flank 
and  the  "visible  fat,"  which  are  distinctly  above  the  regression  line 
for  protein  in  the  sides,  indicate  a  relatively  high  proportion  of  pro- 
tein, and  consequently  a  lower  ratio  of  water  to  crude  protein.  This 
is  not  surprising,  of  course,  considering  that  in  these  parts  there  is 
a  much  greater  proportion  of  the  protein  in  connective  tissue.  Cal- 
culating water  by  difference  and  computing  the  relation  of  water  to 
crude  protein  gives  a  ratio  of  about  3.7  :  1  for  "lean  meat"  when  the 
fat  is  5  per  cent  and  3.0  :  1  or  less  for  all  the  points  up  to  70  per  cent 
fat  on  the  "visible  fat"  curve,  whereas  for  sides  the  mean  ratio  is 
3.45  :  1.  It  seems  probable  that  these  variations  are  related  to  the 
variation  in  the  proportion  of  nitrogen  in  soluble  form  to  total  nitro- 
gen. 

The  estimation  of  ash  is  somewhat  less  accurate  in  most  cases  than 
than  that  of  protein,  but  there  are  enough  data  to  show  another 
slight  modification  of  the  theory  of  constant  composition  on  a  "fat- 
free"  basis.  If  this  theory  were  applied  to  the  ash  in  the  edible 
portion  it  would  mean  that  the  ratio  of  ash  to  protein  must  be  con- 
stant for  all  degrees  of  fatness  and  that  the  regression  line  for  ash 
should  be  parallel  to  that  for  protein,  when  they  are  plotted  on  suit- 
able scales.  It  is  apparent  from  Figures  6  and  10  that  the  regression 
line  for  ash  crosses  the  one  for  protein.  The  scale  is  such  that  the 
lines  would  be  superimposed  if  the  estimate  for  ash  were  uniformly 
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5  per  cent  of  the  protein.  The  mean  ratio  of  ash  to  protein  for  all 
of  the  sides  is  0.0499  :  1,  whereas  the  calculated  ratio  according  to 
the  estimating  curve  at  8  per  cent  fat  is  0.0528  :  1.  This  is  not  a 
large  variation,  but  it  indicates  a  well-defined  tendencv  for  the  ratio 
to  be  higher  with  the  higher  percentages  of  protein.  The  mean  ash- 
protein  ratio  for  ''lean  meat''  is  0.0493  :1  and  for  ''visible  fat," 
0.0413  :  1. 

ESTIMATION    OF    BONE 

The  relation  between  the  percentages  of  bone  in  the  sides  and  that 
of  fat  in  the  edible  portion' is  shown  in  Figure  12.  Percentages  of 
bone  were  plotted  jy 
against  those  of  fat, 
the  latter  based  on 
the  edible  portion. 

It  is  evident  that 
the  relation  of  bone 
to  fat  is  not  so  close 
as  that  of  protein  or 
ash  to  fat.  The  free- 
hand curve  gives  an 
index  of  correlation 
of  0.83  and  a  stand- 
ard error  of  estimate 
of  1.83.  The  latter 
figure  is  given  in  the 
same  terms  as  the 
estimate — that  is,  in 
percentage  of  bone 
in  the  entire  side, 
lean,  fat,  and  bone. 
This  is  equivalent  to 
errors  of  about  11  and  12  per  cent  in  the  medium  and  fat  classes, 
respectively,  when  the  error  is  considered  in  terms  of  percenta2:e  of 
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Fig.  12.— Relation  of  content  of  bone  in  per  cent  of  lean,  fat,  and  bone  to 
that  of  fat  (ether  extract)  in  per  cent  of  edible  portion  of  the  sides.  The 
wide  range  of  variation  prevents  any  high  degree  of  accuracy  in  esti- 
mation. The  advantage  of  the  free-hand  curve  over  the  straight  line 
is  apparent.    Dots  represent  averages  of  three  analyses 
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Fig.  13.— Relation  of  content  of  bone  in  per  cent  of  lean,  fat,  and  bone  to  that  of  fat  (ether  extract) 
in  per  cent  of  edible  portion  of  the  whole  loin.  A  free-hand  curve  is  used.  Dots  represent  aver- 
ages of  three  analyses 

the  estimate.    Plainly  this  gives  onlv  a  very  rough  estimate  of  the 
bone  in  any  single  side  of  beef,  altliough  it  is  appreciably  better 
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than  one  bssed  on  the  regression  Kne  which  gives  a  coefficient  of 
correlation  of  —0.79  and  a  standard  error  of  2.02  per  cent.  The 
latter  value  is  comparable  with  the  figure  of  1.83  from  the  curve. 
The  free-hand  curve  was  used  in  deriving  the  figures  for  bone  in  the 
sides.     The  various  cuts  were  handled  similarly  (fig.  13). 

INTERPRETATION  OF  FIGURES  ON  THE  PROXIMATE  COMPOSITION 

OF    WHOLESALE    CUTS  i 

The  results  of  most  of  the  calculations  on  wholesale  cuts  are 
assembled  in  Table  7.  All  of  these  figures  are  relative  in  the  sense 
that  all  of  the  ones  for  the  thin  cuts,  for  instance,  refer  to  the  com- 
position of  these  particular  cuts  in  a  typical  animal  of  the  common 
grade.  Relatively,  the  thin  loin  is  as  thin  as  the  thin  round,  al- 
though the  former  has  16  per  cent  and  the  latter  8  per  cent  fat  in 
the  edible  portion. 

The  figures  for  bone  are  percentages  on  the  ^'as  purchased ''  basis, 
which  includes  the  entire  wholesale  cut,  lean,  fat,  and  bone;  bone 
and  gristle  are  considered  together  under  this  heading. 

All  of  the  percentages  in  the  columns  under  '^edible  portion"  are 
based  on  that  portion,  the  lean  meat  and  the  visible  fat,  of  the  whole- 
sale cut.  In  order  to  apply  any  of  these  figures  to  the  "  as  purchased  ^' 
basis,  they  must  of  course  be  converted  by  the  proper  factor,  which 
is  obtained  b}^  subtracting  the  percentage  of  bone  from  100. 

The  degree  of  accuracy  of  the  figures  on  wholesale  cuts  (Table  7) 
was  considered  in  deciding  whether  they  should  be  s^iven  in  decimals, 
whole  numbers,  or  round  numbers.  Because  of  the  high  order  of 
variation,  bone,  water,  fat,  and  visible  fat  are  stated  in  whole  num- 
bers. Energy  value  is  given  to  the  nearest  10  calories.  For  any 
given  percentage  of  fat  the  estimate  of  protein  is  probably  good  to 
better  than  1  per  cent  of  the  edible  portion  and  that  of  ash^  to  better 
than  one-tenth  of  a  per  cent;  these  estimates  are  given  therefore  to 
tenths  and  hundredths,  respectively. 

In  order  to  make  sure  that  the  error  in  estimating  the  fat  content 
of  a  particular  wholesale  cut  is  within  1  or  2  per  cent  as  based  on  the 
edible  portion,  some  kind  of  analvsis  of  that  cut  is  needed.  A  careful 
dissection  of  the  cut  into  lean,  fat,  and  bone  provides  a  basis  for  a 
fairly  close  estimate  of  the  fat  as  ether  extract  by  interpolation  from 
Table  8;  and  that  in  turn  provides  the  basis  for  estimating  protein, 
ash,  and  calories.  This  physical  analysis  is  not  difficult  and  may  be 
made  in  the  laboratory  when  it  is  important  to  estimate  chemical 
composition  with  as  much  accuracy  as  possible  without  chemical 
analysis.  If  no  such  method  as  this  is  used,  and  it  is  assumed  that  • 
the  typical  figures  for  a  given  class  may  be  used  for  any  cut  within 
that  class,  the  possible  error  in  calculation  should  be  considered. 

An  error  of  10  per  cent  in  the  fat  content  of  the  edible  portion  is 
equivalent  roughly  to  one  of  2.2  per  cent  in  protein,  of  0.12  per  cent 
in  ash,  and  of  about  370  calories  per  pound.  In  the  application  of  ^^ 
these  figures  to  particular  wholesale  cuts  it  would  be  unusual  to 
make  an  error  of  such  an  order  in  estimating  the  fat  content,  except 
where  figures  for  the  medium  class  for  example  were  applied  to  a 
wholesale  cut  that  really  belonged  to  one  of  the  other  classes.  If  the 
given  cut  were  first  classified  as  to  fatness  on  the  basis  of  the  com- 
mercial grade  of  the  carcass,  such  a  possibility  would  be  smaU. 
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The  errors  just  discussed  should  be  understood  as  errors  that  would 
be  possible  in  the  application  of  these  or  any  other  typical  figures  to 
individual  cases.  As  averages  of  the  composition  of  typical  un- 
trimmed  wholesale  cuts  of  the  various  classes  the  errors  in  the  figures 
in  Table  7  mav  be  regarded  as  small. 


Table  7. — Proximate  composition  of  untrimmed  typical  wholesale  cuts  of  beef  of 

four  classes 


Cut 


Class 


As  pur- 
chased 


Bone 


Edible  portion 


'  Visi- 
ble 
fat" 


Chemical  composition 


Water 


Protein 

(NX 
6.25) 


Fat 

(ether 

extract) 


Ash 


Fuel 

value 

per 

pound 


Chuck 

Flank... 

Kidney 

Kidney  fat 

Loin 

Neck.. 

Plate  and  brisket . 
Eib 


Kound. 


Hump. 


Shank,  fore. 


Shank,  hind. 


Sides. 


Thin 

Medium. 
Fat 

Very  fat.. 

Thin 

Medium. 

Fat 

Very  fat  _ . 

All  classes 

Thin 

Medium.. 

Fat 

Very  fat  _ . 

Thin 

Medium 

Fat 

Very  fat.. 

Thin 

Medium.. 

Fat 

Very  fat.. 

Thin 

Mediiun.. 
Fat 

Very  fat.. 

Thin 

Medium.. 

Fat 

Very  fat.. 

Thin 

Medium.. 

Fat 

Very  fat.. 

Thin 

Medium.. 

Fat 

Very  fat_. 

Thin 

Medium.. 

Fat 

Very  fat.. 

Thin 

Medium. 

Fat 

Very  fat . . 

Thin 

Medium.. 

Fat 

Very  fat... 


Per  cent 
19 
17 
15 
13 

1 

1 
1 
1 


Per  cent 

8 

13 

17 

24 

40 
49 
56 
68 


Per  cent 
71 
65 
60 
52 

52 
45 
39 

28 

76 


59 


Per  cent 
19.2 
18.6 
37.6 
15.0 

17.0 
14.6 
12.7 
9.3 

15.0 

3.0 

1.7 
1.5 
1.5 

18.6 
16.9 
15.6 
12.8 

19.1 
18.2 
17.0 
14.0 

17.9 
15.8 
14.0 
11.0 

10.0 
17.4 
15.8 
12.7 

19.7 
19.3 

18.7 
17.4 

17.4 
15.5 
14.2 
11.4 

21.0 
20.4 
19.7 
18.2 

20.8 
20.1 
19.2 
17.1 

18.8 
17.5 
16.3 
13.7 


Per  cent 

9 

16 

22 

32 

30 
40 

48 
62 


Per  cent 
0.94 
0.88 
0.82 
0.74 

0.77 
0.64 
0.54 
0.36 


0.16 
0.12 
0.1] 
0.11 

0.95 
0.84 
0.77 
0.62 

0.92 
0.85 
0.80 
0.71 

0.87 
0.75 
0.65 
0.48 

0.94 
0.83 
0.74 
0.59 

1.00 
0.95 
0.90 
0.82 

0.88 
0.77 
0.69 
0.56 

0.98 
0.94 
0.90 
0.83 

0.96 
0.93 
0.88 
0.76 

0.97 
0.87 
0.79 
0.65 


Calories 
720 

990 
1,220 

1,580 

1,530 
1,900 
2,190 
2,700 

600 

3.650 
3,830 
3,860 
3,860 

990 
1,330 
1,550 
1,990 

800 
1,110 
1,330 
1,680 

1,180 
1,510 
1,810 
2,280 

920 
1,250 
1,550 
2,030 

680 

880 

1,030 

1,300 

1,210 
1,  550 
1,770 
2,170 

630 

740 

850 

1,070 

660 

770 

920 

1,250 

910 
1,220 
1,440 
1,S40 
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'     VARIATION   IN    RETAIL    CUTS 

All  of  the  estimates  up  to  this  point  were  made  on  iintrimmed  whole- 
sale cuts,  and  the  figures  do  not  apply  directly  therefore  to  meat  as 
it  comes  to  the  consumer  from  the  retail  market.  For  the  revision 
of  Office  of  Experiment  Stations  Bulletin  28  (1)  the  figures  for  trimmed 
retail  cuts  are  the  more  important.  The  method  of  handling  the 
data  on  retail  cuts  was  developed  for  the  purpose  of  this  revision  and 
is  outlined  here;  the  detailed  results  are  not  included. 

It  is  obvious  that  general  estimates  of  composition  must  be  less 
accurate  for  retail  than  for  wholesale  cuts,  because  the  practice  of 
cutting  and  of  trimming  meat  in  the  retail  market  varies  so  widely. 
Further  difficulty  in  obtaining  satisfactory  figures  was  presented  by 
the  fact  that  no  chemical  analyses  of  retail  cuts  could  be  found  which 
were  reported  with  the  wholesale  cuts  or  the  sides  of  the  same  animal. 
Data  on  the  physical  composition  of  trimmed  and  untrimmed  retail 
cuts  were  available,  however,  from  the  six  carcasses  analyzed  by 
Hall  and  Emmett  {6)  and  by  Edinger  (4).  Though  these  data  by 
themselves  did  not  provide  material  for  much  generalization  they 
could  be  used  as  the  basis  for  fairly  good  estimates  of  the  composition 
of  certain  types  of  retail  cuts  by  relating  them  to  the  data  on 
wholesale  cuts. 

The  treatment  of  the  data  on  retail  cuts  may  be  illustrated  by  the 
methods  applied  to  those  on  retail  loin  cuts.  Some  idea  of  the  order 
of  variation  in  the  composition  of  the  trimmed  cuts  may  be  obtained 
by  an  examination  of  Table  8. 

Table  8. — Variations  in  the  physical  corn-position  of  trimmed  retail  loin  cuts  from 

six  carcasses  of  beef 


Visible  fat  in  edible  portion 

Bone  in  cut  "as  purchased" 

Carcass 

Un- 
trim- 
med 

Trimmed  retail  cuts 

Un- 
trim- 
med 

Trimmed  retail  cuts 

Whole 
loin 

All  loin  cuts 

Porter- 
house 

Sir- 
loin 

Whole 
loin 

All  loin  cuts 

Porter- 
house 

Sir- 
loin 

Aver- 
age 

Aver- 
age 

High- 
est 

Low- 
est 

Aver- 
age 

Aver- 
age 

Aver- 
age 

Aver-    High- 
age        est 

Low- 
est 

Aver- 
age 

Aver- 
age 

HALL  AND 

EMMETT 

1 

Per 
cent 
31.3 
31.5 
42.8 

41.0 
32.3 
14.9 

Per 
cent 
26.1 
24.2 
30.1 

34.3 
25.6 
13.0 

Per 

cent 
35.3 
34.7 
38.6 

52.6 
44.4 
20.0 

Per 
cent 
12.7 
15.6 
23.3 

20.4 
11.4 
5.9 

Per 
cent 
30.4 
30.0 
33.5 

41.9 
30.8 
13.8 

Per 
cent 
21.5 
17.7 
27.0 

28.7 
20.6 
12.5 

Per 

cent 

8.4 

8.8 

9.4 

11.0 
13.4 

17.8 

Per 

cent 

7.4 

8.2 

8.4 

8.0 
10.9 
13.0 

Per 
cent 
12.4 
16.3 
15.5 

15.6 
20.0 

41.2 

Per 

cent 

2.2 

2.0 

3.1 

2.3 

4.5 
5.0 

Per 

cent 

8.1 

8.6 

9.1 

9.1 
12.7 
17.3 

Per 
cent 
6.6 

2 

7.8 

3.            

7.8 

EDINGER 

A 

B 

7.2 
9.1 

C 

10.4 

It  is  apparent  from  Table  8  that  no  one  figure  for  fat  content  will 
apply  to  all  the  trimmed  loin  cuts,  since  those  cuts  from  a  single 
animal,  for  example  B  in  Edinger 's  group,  may  vary  in  their  edible 
portion  from  11  to  44  per  cent  visible  fat.  There  was  almost  as  wide 
a  range  in  fat  content  in  the  porterhouse  and  in  the  sirloin  as  there 
was  in  the  entire  loin,  although  separate  calculations  for  porterhouse 
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FiG.  14. — Relation  of  content  of  visible  fat  in  the 
average  of  the  edible  portion  of  all  the  trimmed 
retail  loin  cuts  (A)  and  of  that  portion  of  the 
trimmed  porterhouse  (B)  and  sirloin  (C)  cuts 
to  the  content  of  fat  as  ether  extract  in  the  edible 
portion  of  the  sides.  The  estimating  line 
(dotted)  for  untrimmed  whole  loin  is  determined 
from  Figures  3  and  5.  The  visible  fat  content 
of  the  untrimmed  cut  is  made  the  basis  for 
assuming  a  value  for  the  fat  (ether  extract)  con- 
tent of  the  sides,  and  the  visible  fat  content  of 
the  trimmed  cut  (from  Table  8)  is  plotted 
against  this  assumed  value,  which  is  used  to  re- 
duce some  of  the  individual  variation 


and  sirloin  steaks  from  the  six  carcasses  showed  that  '^on  the  aver- 
age'' porterhouse  was  higher  in  fat  and  in  bone  content  than  sirloin. 
For  these  reasons,  figures  for  the 
composition  of  these  two  subdi- 
visions of  the  loin  and  for  the  ex- 
pected range  among  the  loin  cuts 
were  derived.  Percentages  of  visi- 
ble fat  were  based  on  the  edible 
portion  and  percentages  of  bone  on 
the  whole  retail  cut.  The  figures 
in  Table  8  were  plotted  against 
assumed  rather  than  determined 
values  for  the  content  of  fat  in 
the  sides  for  the  curves  shown  in 
Figures  14  and  15.  The  straight 
line  estimate  of  the  visible  fat  in 
the  whole  untrimmed  loin  was  es- 
tablished by  calculation  from  the 
lines  in  Figures  3  and  5 .  As  this  line 
was  based  on  a  larger  number  of 
observations  it  gives  a  better  esti- 
mate of  what  is  typical  for  whole- 
sale loins  than  the  six  whole  loins 
in  question  could  give.  It  was  used 
to  reduce  some  of  the  errors  due 
to  variation  in  the  smaller  number. 
For  any  given  class  of  beef  it 
was  possible  to  estimate  roughly 
from  Figure  14  the  average  content  of  visible  fat  in  all  the  trimmed 
loin  cuts  as  well  as  that  in  the  porterhouse  or  the  sirloin,  and  from 

Figure  15  the  expected  range  of 
fat  content  for  all  the  trimmed  re- 
tail loin  cuts  was  estimated.  For 
a  medium  side  of  beef  containing 
22  per  cent  fat  as  ether  extract, 
judging  by  these  curves,  it  was  ex- 
pected that  the  trimmed  loin  cuts 
would  range  from  about  9  to  about 
30  per  cent  visible  fat  and  aver- 
age, porterhouse,  and  sirloin  cuts, 
trimmed,  were  estimated  as  con- 
taining, respectively,  about  19.4, 
22.7,  and  16.4  per  c^nt  visible  fat. 
Bone  content  was  estimated  sim- 
ilarly by  graphic  methods. 

The  process  of  calculating  the 
content  of  fat  as  ether  extract  from 
the  percentage  of  visible  fat  was 
not  so  simple  for  most  of  the  retail 
cuts  as  it  w^as  for  wholesale.  The 
curves  that  related  visible  fat  to 
fat  as  ether  extract  such  as  the  one 
sho\\ai  in  Figure  5  were  based  on 
wholesale  cuts  and  did  not  apply  with  any  high  degree  of  accuracy 
to  the  trimmed  cuts.     But  for  many  of  the  cuts  separate  estimates 
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FiG.  15.— Relation  of  content  of  visible  fat  in  the 
average  of  the  edible  portion  of  all  the  trimmed 
retail  cuts  (A)  and  of  the  highest  (Bj  and  lowest 
(C)  percentages  of  fat  in  that  portion  of  the 
same  cuts  (from  Table  8j  to  the  content  of  fat 
as  ether  extract  in  the  edible  portion  of  the  sides. 
Assimaed  values  for  the  fat  content  of  the  sides 
are  used  as  in  Figure  14 
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were  made  for  the  lean  meat  and  the  visible  fat  from  a  set  of  curves, 
such  as  those  given  for  loin  in  Figure  4.  These  curves  gave  a  much 
sounder  basis  for  obtaining  figures  for  ether  extract  from  the  content 
of  visible  fat  in  retail  cuts  than  the  kind  shown  in  Figure  5.  The 
estimation  of  the  content  of  fat  as  ether  extract  in  an  average  medium 
fat  sirloin  steak,  for  example,  was  made  as  follows:  The  visible  fat  in 
an  average  sirloin  cut  from  a  medium  fat  carcass  (22  per  cent  fat  as 
ether  extract)  was  estimated  from  Figure  14  as  16.4  per  cent  of  the 
edible  portion.  Of  this  part  according  to  Figure  4  it  was  estimated 
that  79.8  per  cent  is  fat  as  ether  extract.  The  ether  extract  from  the 
visible  fat  was  considered  equivalent  therefore  to  13.1  per  cent  (79.8 
per  cent  of  16.4)  of  the  edible  portion.  The  percentage  of  lean  meat 
in  the  edible  portion  was  taken  as  83.6,  since  the  percentage  of  visible 
fat  in  that  portion  had  already  been  estimated  as  16.4;  and  the  lean 
meat  was  estimated  from  Figure  4  as  having  8.5  per  cent  fat  as  ether 
extract  which  is  equivalent  to  7.1  per  cent  of  the  edible  portion.  The 
entire  edible  portion  therefore  was  calculated  as  having  the  sum  of 
13.1  and  7.1  per  cent,  or  20.2  per  cent,  fat  as  ether  extract. 

By  the  same  method  the  approximate  content  of  tat  as  ether  ex- 
tract in  any  other  retail  loin  cut  could  be  calculated  if  the  percentage 
of  visible  fat  in  that  cut  and  the  approximate  degree  of  fatness  of  the 
entire  carcass  are  known.  This  means  of  calculating  the  fat  as  ether 
extract  from  the  content  of  visible  lat  was  not  nearly  so  simple  and 
direct  as  the  method  employed  on  wholesale  cuts,  but  for  retail  cuts 
it  is  thought  to  be  more  nearly  accurate  than  the  short  one.  The 
curves  relating  visible  fat  to  ether  extract  represented  that  relation 
for  wholesale  cuts  at  various  stages  of  development  and  they  embody 
changes  therefore  not  only  in  the  physical  composition  but  in  the 
chemical  composition  of  the  lean  meat  and  the  visible  fat. 

A  different  set  of  conditions  has  to  be  taken  into  account,  however, 
in  dealing  with  the  retail  cuts.  The  reason  for  adopting  the  more 
elaborate  method  in  this  case  may  be  stated  as  follows:  There  is  no 
basis  for  assuming  that  from  any  one  wholesale  cut  the  leanest  trimmed 
retail  cut  has  less  fat  as  ether  extract  in  its  lean  or  in  its  visible  fat 
than  the  fattest  one.  The  principal  difference  in  the  composition  of 
the  edible  portion  between  the  leanest  and  the  fattest  steak  from  any 
particular  loin  for  example  is  presumably  due  to  a  difference  in  the 
proportion  of  visible  fat.  Similiarly,  the  difference  between  the 
trimmed  and  the  untrimmed  cuts  from  a  certain  loin  is  mainly  a. 
matter  of  physical  composition.  Trimming  off  some  of  the  visible 
fat  obviously  does  not  affect  the  chemical  composition  of  its  lean  meat 
and  it  is  a  fair  enough  assumption  that  the  composition  of  the  remain- 
ing visible  fat  is  not  very  different  from  that  of  the  visible  fat  in  the 
untrimmed  cut.  If  the  trimming  has  changed  the  proportion  of 
visible  lat  materially,  therefore,  it  would  introduce  a  considerable 
error  to  calculate  the  ether  extract  ffom  the  visible  fat  in  the  trimmed 
cut  from  the  same  curve  as  the  untrimmed. 

On  account  of  the  nature  of  the  data  it  was  impossible  to  apply 
uniform  treatment  to  all  of  the  retail  cuts.  In  some  cases,  such  as 
the  round,  the  shin,  and  the  shank,  it  was  impracticable  to  subdivide 
the  wholesale  cut  except  to  give  figures  for  the  composition  of  the 
average  of  all  the  cuts  and  ones  for  the  cuts  having  the  highest  and 
lowest  percentages  of  visible  fat  and  of  bone.  In  the  cases  of  other 
wholesale  cuts,  such  as  the  rib  and  the  flank,  two  or  three  principal 
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subdivisions  of  the  whole  cut  were  calculated,  and  no  basis  for  further 
indication  of  range  of  variation  was  provided. 

For  some  wholesale  cuts  there  were  no  separate  figures  available  for 
the  composition  of  the  lean  meat  or  of  the  visible  fat,  and  in  such  cases 
it  was  necessary  to  derive  the  figures  for  fat  as  ether  extract  directly 
from  the  ones  for  visible  fat  by  means  of  the  curves  that  relate  visible 
fat  in  the  wholesale  cut  to  fat  as  ether  extract.  Such  a  derivation 
introduces  serious  errors  only  when  the  particular  retail  cut  to  be 
calculated  differe  widely  in  its  content  of  visible  fat  from  that  of  the 
wholesale  cut. 

The  protein  and  ash  curves  for  the  wholesale  cuts  were  used  to 
obtain  estimates  of  the  percentages  of  these  constituents  in  the 
retail  cuts.  Probably  for  a  given  percentage  of  fat  as  ether  extract 
these  estimates  were  fairly  close.  There  were  smaller  errors  intro- 
duced by  this  step  in  the  calculation,  almost  certainly,  than  by  the 
previous  one,  that  of  estimating  fat  as  ether  extract  from  the  content 
of  visible  fat. 

SUMMARY 

An  improved  method  based  on  statistical  anah'sis  has  been  devel- 
oped for  deriving  figures  for  the  proximate  composition  of  cuts  of 
beef.  Greater  accuracy  is  possible  in  dietarv  calculations  from  figures 
derived  in  this  way  than  from  ones  derived  ty  the  method  of  straight 
averages  used  previously. 

Without  some  method  of  estimating  the  percentage  of  fat  in  a 
particular  cut  large  errors  may  be  introduced  into  estimates  of  its 
composition  and  its  fuel  value. 

An  approximate  relation  between  commercial  grade  and  fat  con- 
tent of  beef  has  been  established. 

For  any  given  wholesale  cut  there  is  a  close  relation  between  the 
content  of  lat  determined  as  ether  extract  and  that  of  visible  fat. 
This  relation  provides  a  basis  for  making  fairly  close  estimates  of  the 
chemical  composition  of  any  wholesale  cut  from  a  determination,  by 
dissection,  of  the  percentage  of  visible  fat.  Such  estimates  may  be 
made  from  Table  7  on  the  composition  of  wholesale  cuts. 

The  protein  content  of  the  edible  portion  of  the  wholesale  cuts  as 
vrell  as  of  the  sides  can  be  estimated  from  their  fat  content  with  reason- 
able accurac}'.  The  relation  between  protein  and  fat  is  not  the  same, 
however,  for  the  various  wholesale  cuts,  and  these  differences  are 
significant. 

The  protein  content  of  the  edible  portion  of  fresh  mature  beef  sides 
is  a  curvilinear  function  of  the  fat  content.  This  may  be  considered 
as  a  modification  of  the  theory  of  constant  composition  of  ^^fat-free" 
mature  beef. 

The  ash  content,  as  a  linear  function  of  the  fat  content,  can  be 
estimated  for  sides  or  wholesale  cuts  with  fair  accuracy. 

The  bone  content  of  the  entire  side  or  of  certain  standard  wholesale 
cuts  may  be  estimated  roughly  from  the  fat  content,  but  there  is  too 
much  variation  in  bone  content  to  permit  of  much  accuracy  in  such 
an  estimation. 

Estimating  the  chemical  composition  of  beef  is  more  difficult  and 
less  accurate  for  retail  than  for  wholesale  cuts.  The  grade  or  class  of 
beef  and  the  type  of  cut,  as  well  as  its  proportion  of  lean  meat,  visible 
fat,  and  bone  must  be  known  if  a  close  estimate  is  rec^uired. 
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